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ABSTRACT

The addition of uranium to the 1979 WATEQ2 chemical 
model has resulted in a larger version known as WATEQ3. 
This larger version of the model was tested against a 
second model and the computer codes were corrected until 
each model performed the calculations accurately and produced 
virtually identical results. Thermodynamic data from the 
1978 compilation of Donald Langmuir were used in the input 
data base. This report makes available the computer code 
and the data base used, together with a description of the 
changes made.

INTRODUCTION

Many present and potential problems exist involving 
contamination of potable waters with uranium (U) from mines, 
tailings piles, and nuclear wastes. It is important in the 
assessment of some of these problems to be able to calculate 
the distribution of dissolved U among its various complexed 
and uncomplexed species, including valence forms. This in 
turn may lead to an understanding of the sorption potential, 
and hence mobility, of U solute species. Calculations 
yielding the activity of the dissolved uncomplexed species 
are necessary to evaluate solubility limitations, and are 
most reliably done with a geochemical model containing all 
major cations and anions as well as any minor ones that may 
affect U speciation. It is also important that the thermo- 
dynamic data base be documented and readily accessible (Ball 
and others, 1979; 1980) and tested by application to natural 
waters (Jenne and Truesdell, 1973; Nordstrom and Jenne, 1977; 
Jenne and others, 1980) . Small departures from equilibrium



solubility may be evaluated using appropriate sensitivity 
analyses (Jenne and Truesdell, 1973; Jenne and others, 1978; 
Nordstrom and others, 1979), to determine if the departures 
from equilibrium could be the result of errors in or omissions 
of analytical or thermodynamic data (Jenne and others, 1980). 
As an example of a sensitivity analysis, the concentration of 
an individual input constituent might be varied and the effect 
of the change on the resulting computed solubility observed.

Thermochemical data at the standard reference state of 
25 C and 1 bar pressure for U were taken from the recent evalua 
tion of Langmuir (1978). THERMO2, a modification of THERMO 
(Nathenson, 1973), a thermodynamic model designed to compute 
log K of reaction (log KP ) values using entropy (5) and 
enthalpy (A#) data was used initially to obtain the log Kr 
values of U species and minerals for WATEQ3. Inconsistencies 
were found between the log K P computed from solubility measure 
ments and log KP computed from A# and 5 data (Table 1). Log 
K? values derived from solubility measurements are considered 
to be more meaningful in studies of the natural environment than 
those derived from A# and 5 values; therefore, the former 
were selected.

Table 1. List of thermochemical values calculated by THERM02 
for addition to WATEQ3.

Reaction
Number

Species or 
Solid from

Log Kr        
from

solubility 
measurements

544 
553 
554 
565 
566 
570 
573 
597

feU +3 
U409 (c) 
U308 (c) 
&US04 +2 
fcU(S04)2 aq

(U02)3(P04)2

24.400 
-101.235 
-116.020 

3.700 
7.600 

-26.500 
-3.300 
94.900

-5.384 
3.080 

34.589 
5.046 
9.290 

88.483
6.178 

-129.134

-8.796 1
-3.384
21.107
5.461 
9.749 

88.031 
2.785 

-49.037

Underlined values are those used in WATEQ3.

Procedures were coded for the speciation of U solutes 
and calculation of the activity products of U solid phases. 
These procedures were inserted into WATEQ3 along with tempera 
ture corrections to the log Kp values and calculations of pe 
for the oxidation of U4+ to UQ2+.



The model with the added U was tested by comparing 
output data with data obtained using a U-speciation-solu- 
bility model (TEK-U) written by F. J. Pearson (U.S. Geological 
Survey, Reston, Va, )2 f or Tektronix 4050-series desktop com 
puters. The TEK-U program was modified for the present 
study so that the two outputs could be directly compared.

Geochemical models must continuously evolve to provide 
new kinds of information and take advantage of new analytical 
capabilities. Since the WATEQ2 model was published (Ball 
and others, 1979), additions and refinements beyond the 
addition of U to the model have also been made.

RESULTS AND DISCUSSION 

Testing of the Model

Modeling of the two test data sets used previously for 
an intermodel comparison by Nordstrom and others (1979) 
established that the computation of non-uranium solutes or 
solids was not affected by the addition of U to the model. 
A test data set from Potter and others (1979), number USBM-1, 
was next modeled with WATEQ3. The output activities for the 
major ion species and the U concentration from this data set 
were used as input to TEK-U. Errors found in the respective 
computer codes were corrected. Results of calculations in 
both programs for U solutes and solids were compared and the 
differences in output data between the two models were resolved,

The differences between the two models were found to 
result from different mass-balance calculation methods. Two 
of the aqueous Uspecies in the models are polynuclear (2 or 
3 U atoms in the complex). These require special consideration 
as their calculation is difficult in a noniterative model 
such as TEK-U. Pearson treated the reactions for these two 
species by dividing the formulas by 2 and 3, respectively, the 
number of U atoms in each complex. This worked satisfactorily, 
as long as one remembered that the resultant molalities were 
the square root and cube root, respectively, of the true 
values; to obtain the true concentrations of these species, 
the results had to be squared and cubed, respectively.

When the values of the polynuclear species were squared 
and cubed, a true mass balance no longer occurred and the con 
centrations of all other species were underestimated by a 
percentage which was dependent upon the fraction of the total U 
speciated into these two polynuclear forms. In the USBM-1 
test set used (Potter and others, 1979) , the underestimation 
was about 6.2 percent for all nonpolynuclear species. For some

2/ Presently with INTERA Environmental Consultants, Houston, TX

3



purposes this may not be a significant error; however, it 
was a major discrepancy in contrast to models such as 
WATEQ3 which test for mass balance to ±0.1 percent. There 
fore, we modified the TEK-U model to obtain a more accurate 
speciation to further verify the WATEQ3 calculations.

A noniterative approach to a similar problem with the 
earlier WATEQ2 was used for the HFl complexation reaction

CD. K. Nordstrom, oral commun., 1976). The square root of 

Mj-p- was used to compute the MHF~ fraction for substitution 

into the mass balance equation wnich computed the molality 

of F~ (M^-) . Squaring the resulting i/M - obtained by

multiplying the fraction /Mur,~ , by a,,- yielded an initial2 F~ 
estimate for M ~. This estimate of M^p- was subsequently

recalculated in the F ion mass balance section, so the square 
root calculation served its purpose of increasing the accuracy 
of the initial estimate of a-- without affecting the accuracy 
of the model's final output. There was no comparable 
recalculation of ^4 + , M (DO , (QH) 2+ or M (UQ , (QH) + in TEK-U;

therefore, the mass-balance calculation remained inaccurate 
due to use of the square root and cube root terms. A further 
difficulty in TEK-U was that the square root of gamma, the 
activity coefficient, was not used, and the true molalities 
were not calculated so that the model produced M-i/omo } (OH)^ 

and M, ,- mr. . //-MJN+- This problem did not exist in
J./ J ( UL>2 ) o \ Un; c

WATEQ2 because roots were not used in final calculations 
involving the polynuclear species.

The problems resulting from the speciation of U into 
polynuclear complexes in TEK-U were solved by modifying it 
to calculate the distribution of aqueous species a second 
time, using a more accurate method of calculation of the 
polynuclear species on the second iteration. The square root 
and cube root forms of calculation for the polynuclear 
species are retained for the first iteration only, and ay4+, 
a quantity known only after completion of the first iteration, 
is used for the second iteration. The thermochemical data 
were altered to represent the true composition of the species, 
and the calculations in the TEK-U model were altered so 
that applicable roots of the equilibrium constants and 
activity coefficients were used for the first iteration. 
The reactions used in TEK-U follow:



1st iteration:

and

/ n (U0 2 ) 3 (OH)+

V*
/

2nd iteration:

and

m (UO,),(OH)*,
f- 5 j

V*

K t a H* a e

11 2
a H,0 V *-

a e"

With this modification to the form of the calculations 
in TEK-U, the two models yield comparable results using the 
same thermodynamic data base. Even though two different 
methods of calculation are used, similar distributions of 
aqueous species are obtained, increasing our confidence in 
the correctness of the models and their computer codes.

In WATEQ3 the U polynuclear species are ignored in the 
first iteration of the U section. As they are quantitatively 
minor species, the accuracy of the mass balance calculation is 
not impaired. The HFJ species, by contrast, may constitute 
a major proportion of the total F~ and therefore must be 
included in the initial mass balance calculation.

The present model is, of course, still limited by the 
selection of the elements considered. For example, V, an 
element frequently associated with U in nature, is not in 
WATEQ3. The absence of V prevents the calculation of 
solubility indices for carnotite (K2 (U02)2(V04) 2^ 
tyuyamunite (Ca (U02 ) 2 (V04 ) 2 )  



Other Additions to the Model

Calculations for the association of aqueous NaF were 
added because we have used a Na-bearing decomplexing agent 
in the ion-specific electrode method for F analysis. In a 
2 A7 NaCl solution containing 0.1 mg L~l of F, 10.9 percent 
of the F is computed by WATEQ3 to be present as the NaF° 
complex.

The dissolution reaction for Ba3(As04)2 has also been 
added to WATEQ3 following the suggestion of Steven Lindberg 
(Oak Ridge National Laboratory, oral commun., 1979) that this 
mineral might limit the concentration of As in the leachates 
of ash which has resulted from coal combustion. However, 
using the thermochemical data given in the compilation of 
Sillen (1964), Ba3(As04)2 computes to be grossly oversaturated 
in a number of geothermal water analyses. Thus, it appears 
unlikely that the precipitation of this solid will limit As 
concentrations in fly ash leachates.

WATEQ2 DOCUMENTATION ERRORS

To date, only one minor error has been found in the 
WATEQ2 model (Ball and others, 1979). Line ERRC 370 should 
read: ERR (106)=SQRT(.(3*RSD (7) ) **2+ (2*RSD (44) )**2) ; . However, 
six problems in the documentation (Ball and others, 1980) have 
been brought to our attention by colleagues. The temperature 
dependence of log Kr given for aragonite in reaction 21 is 
not included in the model, and is in the documentation in 
terms of temperature in degrees Celsius rather than in 
kelvins. The kelvin temperature expression is:

log#r = -10.21 + 0.0217T - 5.17 X 10~ 5 T2 .

Second, a minus sign is missing from the first term of the 
temperature dependence on the log KT equation of reaction 35 
for H 2CO^ aq which should read:

log#r = -14.8435 + 0.032786T + 3404. 1I/T.

Reaction 127 is reversed in the documentation relative to 
the way it is written in the model. For reaction 158, the 
analytical expression should read:

log K? = -5.4 + 1.52 PH.



Reaction 194 is in error and should read: 

MnHPO4 2 Mn2* + HPO^T

Finally, the log Kr values for reactions 510 to 512 and 514 
to 517 are from Zirino and Yamamoto (1972) not Mattigod and 
Sposito (1977).

THERMOCHEMICAL DATA

The computer code reaction number, the reaction itself, 
the selected A#r and log KT values, analytical expressions 
of the temperature dependence of log £ , and the sources 
of the thermochemical data for U are given in Table 2. 
Appendix I gives a listing of the computer code, and Appendix 
II gives the results of the WATEQ3 run of test case USBM-1 
(Potter and others, 1979).
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PROGRAM OPERATION

This version of the WATEQ model was developed on the 
Menlo Park, Calif., Multics computer system of the U.S. 
Geological Survey. Data are input from a user segment 
stored online in card-image form analogous to the card- 
input scheme discussed in Ball and others (1980). The 
following additional input parameters are available:

cunits(298) U total
cunitsC299) U4+ tot
cunits(341) U6+ tot.

The term "tot" after U4+ and U6+ signifies that the 
quantity is the total U in the.specified valence state, not 
the quantity of free aqueous U or U*>+ species.

The output of the model is placed in an online segment 
which the user may request to be printed by a high-speed 
printer, printed at a remote terminal, deleted, etc. The 
form of the output is identical to that of the WATEQ2 of 
Ball and others (1980), with the exception of the addition 
of U solutes and solids and U^+/u + redox potential calcu 
lations, polynuclear Fe species conversion to log form, 
the NaF° complexation reaction and formation of the Ba3(AsO4)2 
solid.
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SUMMARY

Procedures for calculation of the activity of U solute 
forms and the activity products of U solids have been added 
to the WATEQ2 computerized chemical model resulting in the 
WATEQ3 version. The model with U added and its computer code 
were evaluated by comparing program output to that of a second 
model available to the authors for the calculation of U speci- 
ation and degree of saturation with U solid phases. During 
testing, several alterations were made to both the WATEQ3 
model and the second model and their respective computer codes 
Upon completion they calculated nearly identical results.
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c
a

ll
 

tr
.e

l(
a
lf
a
/g

a
m

m
a
/k

t/
lo

g
k
t/
m

i)
; 

c
a

ll
 

u
_
e
l(
a
lf
a
/g

a
m

m
a
/k

t/
lo

ik
t/
ir
ii
 )

 /'
 

c
a
ll
 

s
u
m

s
(a

l 
fa

/g
a
m

m
a
/k

t/
 l
o
ik

t/
m

i)
; 

e
n

d
; 

c
a

ll
 

s
o

lu
te

s
(a

n
a

l/
z
/p

a
q

e
1

/a
lf
i/
a

n
a

lm
is

c
u

n
it
s
s
q

d
m

m
a

r.
)f

w
rk

t/
in
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lo

q
k
tf

in
d

e
x
2

/s
ig

m
a

/e
rr

) 
; 

if
 

o
rn

t 
"*

 
1 

4 
p
rn

t 
"*

 
3 

th
e
n

c
a

ll
 

ra
ti
o
(p

a
q
e
1
/a

lf
a
/c

u
n
it
S

'Z
/a

n
a
lf
lt
i)
; 

if
 

p
rn

t"
a

2 
& 

p
rn

t"
=

3
 

I 
p
u
n
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^O
 

th
e
n
 

d
o

; 
c
a

ll
 

ap
e 

a 
Ic

(a
p

/a
 I
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/q
a

m
m

a
/n

i)
; 

e 
rr

=
 2

e
7
;

c
a
ll
 

e
rr

c
a
 I
c
(c

u
n
it
s
/s

ig
m

a
/e

rr
 )

 ;
 

if
 

p
u
n
c
h
=

0
 

th
e
n
 

d
o

; 
c
a

ll
 

o
u
tp

rc
h
(a

 I
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/a
p
/c

u
n
it
s
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 I
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k
t 

) 
;

p
c
h
f 
l-
js

"!
 "

b
; 

e
n

d
; 

if
 

p
rn
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=

2
 

4 
p
rn
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=

5
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n

c
a
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D
h

a
s
e

s
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a
g

e
2
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n

d
e

x
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o

n
k
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a

x
k
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k
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»
e
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»

e
rr
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; 

e 
n 

1;
 

q
o

 
to

 
n

e
x
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d
a

ta
;

e
n
d
;
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c
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"
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a
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o
u
t
p
r
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n
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;
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p
c
h
f
l
q
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"
e
l
o
s
e
"
/
"
s
y
s
p
n
c
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i
o
C
'
d
c
t
a
c
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/
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s
y
s
p
n
c
h
"
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e
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d
 
w 
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b
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h
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b
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c
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c
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c
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d
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 l
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b
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b
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b
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c
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c
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a
ri
a
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c
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 r
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 l
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b
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b
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c
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b
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b
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p
e
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b
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p

u
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o
p
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b
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A
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p
u
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o
p
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(
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b
le

2
)
 

in
p
u
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o
p

e
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o
u
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r
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p
r
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e
n
d
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(
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b
e
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p
u
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u
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p

u
t 

in
c
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p
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n
 

te
rm

in
a

te
d

")
 

I 
  

c
a
ll
 

o
u

tt
a

b
le

; 
n

m
b

r=
i;
 

g
o

 
to

 
fi
n

is
h

; 
e

n
i;
 

00
 

o
n

 
e

n
d

f 
i 
le

( 
t 
a
b
le

2
) 

b
e

g
in

;
p
u
t 

fi
Ie

(o
u
tp

ri
n
t)

p
a
g
e
 

I 
is

t(
"
p
rc

jr
a
m

 
ta

b
le

 
#

2
 

in
p
u
t 

in
c
o
m

p
le

te
, 

rj
n

 
te

rm
in

a
te

d
")

 
c
a

ll
 

o
u
tt
a
b
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n
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p
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?
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*
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a
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*
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=
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b
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c
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b
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n
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b
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v
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n
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n
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*
d
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(
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(
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r
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*
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en
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b
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d
e
x
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i
l
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t
a
b
l
e
A
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s
t
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i
n
d
e
x
2
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i
)
)
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en
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=
i
-
i
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v
(
i
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m
a
x
(
1
*
a
b
s
(
z
(
i
)
)
)
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en
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 t
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 c
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t 

+ 
d 

* 
t 

* 
*2

 +
e 

/ 
t 

* 
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d 
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i
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p
r
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=
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p
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p
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=

so
A

 t
 o

t 
/ 

(1
 e

O
 

+ 
q
a
m

m
d
( 

5
) 

*m
i 

(6
?

) 
)

a
l 
fa

(
5

)
*
d

 =
m

i 
( 

5 
) 

* 
g
a
m

m
a
( 

5 
) 

;
 M

(6
Z

) 
= 
c
1

*m
i(
6

2
>

; 
a
lf
a
(6

2
) 

= 
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h
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=
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p
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+
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=
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p
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6
)+

m
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) 
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7
8
) 
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) 
+ 
m
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5
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i 
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0
6
) 

+ 
m

i 
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0
7
) 

+ 
m
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1
Q

8
)+

2
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i 
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7
9

) 
+ 

?
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i 
(1

8
0
)+

T
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 (

2
8
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)+
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(2

8
9
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a
l 

f 
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8
) 
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c 
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q
a
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m
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);
 

d
o

 
1

=
9

*1
2

*1
4

*1
5

*2
7
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2
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6

*7
7

*7
8
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8
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0
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to
 

1
0
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^
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8
0
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8

8
*2

8
9

m
i(
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=
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1

*
m

i(
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; 

e
n

d
; 

e
n

d
 

sp
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 t
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 r

 o
n

 ;
 

e
n
d
 

m
a 
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_

e
 I

 ;
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r
r
o
c
(
a
l
f
a
/
g
a
m
m
a
/
k
t
/
l
o
}
k
t
»
n
i
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de
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(
a
i
t
o
t
»
a
h
2
o
/
a
s
t
o
t
a
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/
a
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?
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o
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»
J
S
^
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o
t
»
c
d
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t
»
c
u
t
o
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*

n
h
n
*
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o
/
m
n
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*
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i 

t o
t 
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ob
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o 
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/p
e 
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 t
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 p
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 e
 r
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, 
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 o
t 
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f 

I o
a 

t 
de
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ex

t/
 

(
c
1
/
a
l
f
a
(
*
)
/
q
a
m
m
a
(
*
)
/
k
t
(
»
)
/
 

I
o
g
k
t
(
*
)
/
m
i
(
*
)
/
x
m
i
1
2
0
/
x
m
i
1
?
1
,
x
m
i
1
7
r
t
)
f
l
o
a
t
 
de
c(
<?
0)
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f
i
x
e
)
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n 
(3

1)

/ 
* 

m
n 

s
p
e
c
 i
e

s
 

* 
/
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m
n
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0
 

th
e
n
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/ 
* 

nn
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sp
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 e
s 

* 
/
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 (
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1 
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 (
1
7
0
)
*
a
l
f
a
U
)
/
q
a
m
m
j
(
1
 1
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;

n
i
i
(
1
1
2
>
=
k
t
(
1
7
1
)
*
a
l
f
a
U
)
»
*
2
/
i
a
m
m
a
(
1
1
2
)

m
i
(
1
1
3
)
=
k
t
(
1
7
2
)
*
a
l
f
a
(
4
)
*
*
5
/
g
a
m
m
a
(
1
1
3
)

m
i 

(1
 1
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k
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1

7
A

)*
(a

h
2

o
*
te

n
p

h
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*
3

/i
a

m
m

a
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1
5

);
 

n
i(
1

1
5

)=
k
t(

1
7

5
)*

a
lf
a

(6
1

)/
q

a
m

n
a

(1
1

6
);

 
n
i 

(1
1
 M

=
k
t 

(1
 7

6
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a
lf
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) 

/ 
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m
m

a 
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7
);

 
m

i(
1
1
8
)=

k
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1
7
7
)*

a
lf
a
(8

4
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*
2
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a
m
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1
1
8
);

 
,n

i 
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1
9

)*
k
t(

1
7

S
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a
l 

f 
a

( 
6
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a
m

m
a
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1
1

9
);

 
i 

f 
e

h
m

<
9
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n
 

d
o

; 
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m

n 
+

3
* 

+
6
* 
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s
p

e
c
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s
 

*
/

m
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1
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k
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1
6
9
)/
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a
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a
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1
0
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n
m

p
e
>

;
x
m

i1
2

0
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O
Q

k
t<

1
7

9
)+

4
*l

h
2

o
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g

1
0

(q
a

m
n
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2
0
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*p
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e

);
 

if
 

x
m
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2

0
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5
 

th
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n
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i 
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1 
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0
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x 
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i 
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2
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e
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e

 
n
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1
2
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; 

x
m
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o

g
k
t<

1
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0
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<
.*
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2

o
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o
q

1
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<
c
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m
m

a
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);
 

if
 

x
m
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1
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th
e
n
 

m
i 
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 )
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m
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1 
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e
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e

 
m
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1
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; 

e
n
d
 

m
i(
1

0
9

)*
m

n
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<
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 +
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m
a 
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0
9
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(n
i(
1
1
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m
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1
1
1
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m
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1
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2
)*

m
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1
1
3
)*

m
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1

1
4
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m
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m

i(
1

1
6
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n
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1
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m
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;

J 
a

lf
a
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0

9
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c
1

*
m
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1
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9
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g

a
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m
a
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J
9

);
 

d
o
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;

m
i 
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i 

) 
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«
i 
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i 

) 
; 

a 
I 
f 

a 
( 
i 
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=

«
i 
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i 
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*q

a
m

m
i 
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i 
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» 
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n

d
/' 

e
n
j;
 

e
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o
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m
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=
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e
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; 

e
n

d
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c
u
 

s
p
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c
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/
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c
u
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> 
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< 
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n
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/' 
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* 

c
u
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s
p

e
c
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s
 

*
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m
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)=
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>
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e
n
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p
e
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);
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= 
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»
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e
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a
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m
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);
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n
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2
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2
0

7
)*

a
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«
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*
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»
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p
e
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m
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);
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5
9
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lf
a
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6
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n
p

h
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*
2

*
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n
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e
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a
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);
 

m
i 
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6
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k
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4
8
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>

*
( 

a
lf
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n
p
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n

m
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e
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a
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m
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e

n
d
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/ 

* 
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s
p
e
c
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s
 

*
/

iM
<

1
3
1
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k
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2
0
9
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a
lf
a
<

1
7
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n
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>

;
n
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1
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k
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1
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a
lf
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7
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»

2
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a

m
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a
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2

);
n
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1

3
3

)«
k
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2
1
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a
lf
a

«
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m
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1

3
3

);
m
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);

«
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1

3
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)=
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2
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3
)*

a
lf
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*
3

/j
a
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a
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5

);
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6
)=

k
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2
U
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lf
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*
<
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a
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);
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;

n
i 

(1
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1
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h
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n
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);

m
i 
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)=
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1
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h
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o
»
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p
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*
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m
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);
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h
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+
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if
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b

s
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1
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e
n
 

m
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A
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*
c
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M

(U
5
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?
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a
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a
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Q
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m
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4
3
);

 
n
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U

4
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k
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2
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a
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a
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6
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*
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4

m
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m
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 ;
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k
t(
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9
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);
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=

c
u
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o
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q
a

m
m

a
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0
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7
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m 
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( 
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3 
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m 

i 
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1

4
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m
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( 
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4 
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) 
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u
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1 
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+ 
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4

a
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a
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c
1
=

m
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1
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q
a
m
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3
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;
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1
=

1
2
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1
2
9
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3
1
 

to
 

1
4

4
, 
2
5
9
, 

?
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0
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2
7
1
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2
^
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 ;

 
m 

i 
( 
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) 
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c 
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* 

m
i 
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i 
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;

» 
t 

f 
a 
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i 

) 
=

m
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 )
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a
m

m
a
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 ;
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n
d
^
 

e
n

j;
 

e
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e
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o
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= 

1
2

7
 

to
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4 
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, 

2
5
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, 
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6
0
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2

9
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 ;
 

m 
i 
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i 

) 
= 
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e

^
; 

c
n
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;

/ 
* 

z 
n 

s
o

e
 c
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s
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/

if
 

z
n
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n
 

t 
h

e
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o
 ;

n
i(
1
5
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)=
k
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2
5
5
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a
lf
a
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1
)/

q
a
m

n
a
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0
);

 
T
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5
1
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k
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2
5
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a
h

2
o

*
te

n
p

h
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a
,n

m
a
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5

1
);

 
m

i(
1

5
2
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k
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2
5

7
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(a
h

2
o

*
te

n
D

h
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*
2

/j
a

m
m

a
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5
2

);
 

m
i(
1

5
3

)=
k
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2
5

H
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h

2
o

*
te

n
p

h
)*

*
3

/i
a
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m

a
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5
3

);

if
 

a
b
s
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1
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3
8
 

th
e

n
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i 
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1 

5
4
 )

 =
1
0
* 
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C

1 
;

(n
i(
1
5
5
)s

k
t(

2
6
n
)*

a
h
2
o
*
te

n
p
h
*
a
lf
a
(4

)/
q
d
m

it
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(1
5
5
);

m
i(
1

5
6

)=
k
t(

2
6

1
)*

a
lf
a

(6
6

)*
*
2

/i
a

n
rr

a
(1

5
6

);
m

i(
1
5
7
)a

k
t(

2
6
2
)*

a
lf
a
(6

6
)«

«
3
/4

a
m

rr
a
(1

5
7
);

m
i(
1

5
S

)=
k
t(

2
6

3
)*

a
lf
a

(5
)/

q
a

m
m

d
(1

5
3
);

n
i(
1
5
9
)=

k
t(

2
6
A

)*
a
lf
a
(5

)*
*
2
/g

a
m

m
a
(1

5
9
);

iB
i(
2
3
0
)s

k
t(

4
4
8
)*

a
lf
a
(9

7
)«

*
2
/^

a
«
n
rr

a
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3
0
);

 
,T

ii
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3
1
)s

k
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4
4
9
)*

a
lf
a
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6
)/

 l
a

m
.n

a
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2
3
1
 )

; 
m

i(
2
3
2
)=

k
t(

4
5
0
)*

a
lf
a
(9

6
)«

*
2
/j
a
m

rr
a
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3
2
);

 
n
i(
2
7
2
)=

k
t(

5
1
1
)*

a
lf
a
(6

)/
q
a
m

m
3
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7
?
);

 
m

i(
2

7
3

)=
k
t(

5
1

2
)*

a
lf
a
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7

)/
q

a
m

n
a
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7
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);
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k
t(

5
1
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)
*
a

lf
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*
*
3
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7
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;

m
i(
1

5
n

)*
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i(
1

5
1

)+
m

i 
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5
2

)+
m

i(
1

5
3

)*
m

i(
1

5
4

)+
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(1

5
5
)+

T
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S
6

)

*
m

i(
2

3
2

>
+
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2
7

2
)+

iM
C

2
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m
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7
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);

 
a
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=
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* 
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; 
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i 

= 
1

4
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to

 
1
5
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to
 

2
3
2
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^
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2
7
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; 

m 
i 
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= 
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1 
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n
i 
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;

a
lf
a
(
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=

m
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*
g
a
m

m
a
(
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; 

e
n
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; 

e
n
d
; 

e
ls

e
 

d
o
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* 

1
4
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to
 

1
5
9
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2
?
 

to
 

2
3

2
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7
2

 
to

 
2

7
4

; 
n

i(
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 =

 "
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O
; 

e
n

l,
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1 

s
p
e
c
ie

s
 

*
/
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c
d
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t 

> 
0 

th
e

n
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;

T
»
i(
1
6
1
)*

k
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2
9
4
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a
lf
a
U

)/
.j
a
m

m
i(
1
M

);

 n
i(
1

6
3

)=
k
t(

2
9

6
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a
lf
a
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*
3

/q
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n

m
a
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6
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);

 
= 
k
t(

2
9
7
)
*
a
lf
a
(
6
l)
 /

o
a
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n
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6

4
) 

;
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d
lf
a
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1
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*
2
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a

m
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3
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6
5

);

n
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1

6
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)=
k
t(

3
0

0
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o
*
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n
p

h
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3
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a
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6
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);

n
i(
1

6
3
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= 
k
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3
0
1
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h
2
o
*
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n
o
h
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*
2
/q

a
m
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6
^
);

T
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6
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)=
k
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3
H

2
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h

2
o

*
te

n
D

h
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*
3
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a

m
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6
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);
C
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q
k
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3
0
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)+

4
*
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h
2
o
+

p
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)-
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n
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a
m

m
a
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7
0
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;
if
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h
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=
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)
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a
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2
o

*
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n
p

h
*
a

lf
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)/
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m
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7
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);
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9
)*

a
lf
a
<

2
0
4
)/

q
a
ii
m

a
(?

1
1
);

,n
i<

2
2

6
>

«
k
t(

4
3

4
)*

a
lf
a

(?
1

2
 )

/q
a
n
n
a
 (

2
?

6
) 

;
iM

<
2
4
*>

 =
 k

t<
4
7
0
>

*
a
lf
a
(1

8
?
)*

a
lf
a
<

5
)/

q
a
m

'n
a
(2

;3
);

m
i<

2
7

7
)«

k
t<

5
1

6
>

*
a

lf
a

(1
6

0
)*

a
lf
a

(5
)/

q
a

m
m

a
<

>
7

7
);

m
i(
2

8
3

)«
k
t<

5
2

2
)*

a
lf
a

<
2

0
4

)*
a

lf
i(
5

)/
q

a
m

<
n

a
<

2
{J

i)
;

if
 

a
l 

f 
a
(2

9
9
»
1
e
-3

8
 

th
e

n
 

d
o
/' 

c 
1 

= 
Io

q
1

 0
 <

 a
 I

 f
 a

 <
 2

9
9
 »

 ;
 

c 
2=

 I
 c

u
j! 

n 
( 
a

l 
f 

* 
( 

5 
) 

) 
;

C
3
=

lo
g
k
t(

5
6
5
)*

c
1
-l
o
q
1
0
(q

a
m

-n
i(
3
1
5
>

);
if
 

a
b
s
(c

3
>

<
3
8
 

th
e

n
 

m
i 

( 
3 

1 
5 

)=
1

 0
 *

*c
 3

 ;
 

e
ls

e
 

m
i(
3
1
5
)=

0
;

C
3
=

lo
g
k
t(

5
6
6
)*

c
1
+

c
2
-l
0
v
j1

0
<

j.
»
m

ir
a
<

3
1
6
)>

;
if
 

a
b
s
(c

3
)<

3
8
 

th
e
n
 
m

i(
3

1
6

)-
1

0
*
*
c
3

; 
e
ls

e
 

o
ii
(3

l6
)=

Q
; 

e
n

d
; 

e
ls

e
 

d
o
 

is
3
1
5
/3

1
6
; 

m
i(
i)
=

0
; 

e
n

d
; 

if
 

a
l 

f 
a
(3

0
0
)>

1
e
-3

8
 

th
e

n
 

d
o

 
d

 =
 I

 o
il
 0

 (
 a

 I
 f

 a
 (

 3
0
0
) 

) 
; 

c 
? =

 I
 o

n
 1

 C
 (

 a
 I

 f
 j
 (

 S
 )

 )
 ;

if
 

a
b
s
(c

3
)<

3
8
 

th
e

n
 

m
i 

( 
3
3
 3

)=
 1

 0
 *

* 
c 

3 
; 

e
ls

e
 

m
i(
3
3
3
)=

0
;

if
 

a
b
s
(c

3
)<

3
8
 

th
e
n
 

m
i 

( 
3

3
4

) 
=1

 0
 *

* 
c 

3 
; 

e
ls

e
 

m
i(
3

3
4

)=
0

; 
e

n
d

; 
e
ls

e
 

d
o

 
1

*3
3

3
/3

3
4

; 
m

i(
i)
«
0
; 

e
n

d
/*

+ 
2

*
fn

i(
2

4
3

>
*
2

*
m

i(
2

7
7

)*
2

*
m

i(
2

8
3

>
+

m
i(
3

1
S

)t
2

*
m

i(
3

l6
)*

m
i(
1

3
3

)*
2

*
m

i(
3

5
4

))
) 

a
lf
a

(5
)/

d
=

m
i 

(5
)*

g
a

m
m

a
(5

);
 

d
o

 
i 

= 
1

4
, 
2
2
/3

1
/3

3
/4

3
/4

5
/5

8
/5

9
/6

2
/8

2
/9

1
/1

 0
8

/1
1

 7
, 
U

3
,1

5
3
,1

5
C',

1
7
A

,
1 
9

7
/2

1
1

/2
 2

6
/2

4
3

/2
7

7
, 

2 
8
3
/3

1
 5

, 
3
1
6

/3
3
3
/3

5
4
 ;

 
»
i 

( 
i 

) 
«c

 1
 *

m
i 

( 
i 

) 
; 

a 
I 
f 

a 
( 

i 
) 

»
m

i 
( 

i 
) 

* 
qa

m
m

 a
 (

 i
 )

 ;
 

e
n

d
; 

e
n

d
;

/*
 

m
a
ss

 
b
a
la

n
c
e
 

o
n

 
fl
u

o
ri
d

e
 

*
/ 

if
 

ft
o

t 
> 

O
eO

 
th

e
n
 

d
o
;

n
i(
1

9
)=

k
t(

2
2

)*
a

lf
a

(1
)/

g
a

m
m

a
(1

9
);

 
m

i 
<

5
4
)s

k
t(

8
3
>

*a
lf
a
<

5
0
)/

q
a
m

ir
a
(5

4
 >

;
 n

i(
5
5
) 

= 
k
t(

8
4

)*
a

lf
a

(5
0

)*
a

lf
a

(6
1

)/
ja

m
m

<
i(
5

5
);

 
m

i(
5

6
)«

k
t(

8
5

)*
a

lf
a

(5
0

)*
a

lf
a

(5
1

)*
*
?

/q
a

m
a

ia
(5

6
);

 
n

i<
5

7
)*

k
t(

8
6

)*
a

lf
a

(5
0

)*
a

lf
a

(6
1

>
*
*
3

/q
a

m
m

a
<

5
7

);
 

m
i(
1

0
0

)=
k
t(

l6
0

)*
a

lf
a

(0
)/

q
a

m
m

j(
lC

O
);

 n
i(
1

0
1

) 
= 
k
t(

l6
1
)*

a
lf
a
(3

5
)/

3
a
m

n
a
(i
n
i)
; 

w
i(
1
0
2
)«

k
t(

l6
2
)*

a
lf
a
(3

5
)*

a
lf
i(
6
1
)/

(a
lf
a
(2

6
)*

n
a
n
i'
n
a
(n

2
))

;
 n

i(
1
0
?
)«

k
t(

1
6
3
)*

a
lf
a
(3

5
)*

a
lf
j(
6
1
)*

*
2
/(

a
lf
a
(2

6
)*

*
?
*
ja

'T
>

T
ii
(1

0
3
))

;
m

i(
1

0
4

)s
k
t(

1
6

4
)*

a
lf
a

(3
5

)*
a

lf
a

(6
1

)*
*
3

/(
d

lf
a

(2
6

)*
*
3

*
i»

'n
m

a
(H

>
4

))
;

n
i 

(I
P

S
)s

k
t 
(1

6
5
)*

a
lf
a
(8

) 
/g

a
m

m
a
 (

1
C

5
);

n
i(
1

0
6

)5
k
t(

1
6

6
)*

a
lf
a

(8
)*

a
lf
a

(6
l)
/q

a
m

.T
ta

(i
n

6
>

;
m

i 
(1

0
7
)=

k
t 

(1
6
7
)*

a
lf
a
(8

)*
a
lf
a
(6

1
 )

*
*
2
/ 

ja
m

m
a

(1
0

7
);

m
i(
1
1
6
)s

k
t(

1
7
5
)*

a
lf
a
(1

0
9
)/

g
a
n
m

a
(1

1
6
);

m
i(
1

2
4

)=
k
t(

2
n

i>
*
a

lf
a

(2
3

)*
a

lf
j(
6

l)
*
*
5

/(
(t

e
n

p
h

*
a

h
2

o
)*

*
A

*
ja

ii
rn

a
(1

<
JA

))
;

n
i(
1
2
5
)5

k
t(

2
n
2
)/

(t
e
ro

h
*
q
a
m

m
a
(1

2
5
))

;
fl
ii
(1

2
6
)5

k
t(

2
fJ

3
)*

a
lf
a
(6

1
)/

(t
e
n
o
h
*
ja

m
m

a
(1

2
<)
)
)
;

n
i(
1
?
7
)=

k
t(

2
1
5
)*

a
lf
a
(1

3
0
)/

n
a
n
m

a
(1

^
7
);

 n
i(
1
5
0
) 

= 
k
t(

2
5
S

)*
a
lf
a
(U

5
)/

ia
n
m

a
(1

5
0
);

 
n

i(
1

6
4

) 
= 
k
t(

2
9
7
)*

a
lf
a
(1

6
0
)/

q
a
-n

lT
ia

(1
A

4
);
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i
M
(
2
C

i>
)
=
k
t
(
A
O
A
)
»
a
l
f
a
(
2
0
A
)
/
g
a
m
m
a
(
?
0
6
)
;
 

Hi
 (

 2
 1 

5 
) 
s 
k 

t 
( A

 2
 3
 >
 *
 a
 I

 f
 a
 ( 

2 
1 
2 

) 
/ 
qa

.n
 .n

 a
 (

 ?
 1 

5 
) 

; 
m
i
(
2
1
6
)
=
k
t
(
A
2
A
)
<
n
l
f
a
(
2
1
2
)
»
a
l
f
,
i
(
A
)
/
L
j
d
m
'
n
j
(
,
>
1
6
)
;
 

n
i
(
2
1
7
)
 =
 k
t
(
A
2
5
)
*
a
l
f
a
(
2
1
2
)
*
a
l
f
i
(
A
)
*
*
?
/
}
a
,
T
i
n
i
a
(
,
?
1
7
)
 

n
i
(
2
1
3
)
*
k
t
(
A
2
6
)
»
a
l
f
a
(
2
1
2
)
*
a
l
f
a
<
A
)
*
*
3
/
q
j
m
m
j
(

l?1
3

) 
n
i
(
2
7
9
)
 =
 k
t
(
5
1
8
)
»
a
l
f
a
(
?
O
A
)
*
a
l
f
i
(
A
)
/
c
i
a
m
m
a
(
?
7
»
;
 

if
 
a
l
f
a
(
2
9
9
)
>
1
e
-
3
8
 
t
h
e
n
 

do
,'

if
 
i
b
S
(
c
1
)
<
3
8
 
t
h
e
n
 
m 

i 
( 

3 
1 
4)
 =
 1

 0
 «
* 

c 
1 

; 
e
l
s
e
 
T
i
i
(
3
1
A
)
=
n
 

en
d,
* 

e
l
s
e
 
m 

i 
( 
3 

1 
A 

) s
 0
 ; 

if
 
al

 f
 a
(
3
0
Q
»
1
e
-
3
R
 
t
h
e
n
 

do
,*

if
 

a
b
s
(d

)<
3
3
 

th
e
n
 

m
i 

( 
3 

W
) 

= 
1 

0 
**

 c
 1

 ;
 

e
ls

e
 

n
i(
3

3
2

)=
0

; 
e
n
d
; 

e
ls

e
 

T
ii
(3

3
2
)=

0
;

d
=

n
;

d
o

 
i=

1
5
*
1
1
1
,l
3
3
,1

4
6
/1

5
5
/l
6
l,
1
7
2
,1

R
3
/?

0
6
/?

1
5
/3

1
A

,3
3
?
;

d
 =

 c
1 

+ 
m

i(
i)
; 

e
n
d
; 

Jo
 

i 
= 

2
7
, 

11
 2

/1
 2

8
/1

 3
4
/1

4
7
/1

 6
2

,1
S

4
,?

1
6

,
e

l 
*e

1
 +

2 
*
n

i 
( 

i 
) 

» 
e

n
d

; 
d

o
 

i 
= 
3

2
,1

1
3

,1
2

9
,H

5
,U

8
,1

6
3

,1
H

5
,?

1
7

;
c1

 =
 d

+
3

*
m

i(
i)
; 

e
n

d
; 

d
o

 
i 

= 
1 
3
6
/U

9
/1

8
6
/2

1
 8

;
c
1
=

c
1
*
4
*
m

i(
i)
; 

e
n

d
; 

m
i 

(4
 )

 =
c 
It

o
t 

/ 
(1

 e
O

 
* 

qa
m

m
a 

( 
4 

) 
*c

 1
 )

  
 

a
l 

d
o

mifa
(4

)«
c
1
s
m

i(
4
)*

g
a
n
n
n
a
(4

);
 

is
is

,2
7

»
3

2
,1

1
1

 
to

 
11

 3
*1

 2
8
,1

 2
<

J,
1

3
3

 
to

 
1

3
6

/U
6

 
to

 
U

9
,

1
5
5
*1

6
1
 

to
 

1
6

3
/1

7
2

,1
8

3
 

to
 

1
*6

,2
0
6
,2

1
5
 

to
 

2 
1 

8 
, 

?. 
7 
),

 3
1 

A 
, 

3 
3 

2
; 

i 
( 

i 
) 

=
c 

1 
* 

m
i 

( 
i 

) 
; 

a 
I 

f 
a 

( 
i 

) 
=

m
i 

( 
i 

) 
*q

a
m

m
a

 (
 i

 )
 ;

 
e

n
d

; 
e

n
d

;

/*
 
m
a
s
s
 
b
a
l
a
n
c
e
 
on

 
s
u
l
f
i
d
e
 
*/
 

if
 
h
2
s
t
o
t
 
> 

O
e
O
 
th

en
 
do

;
m

i(
1

3
)=

1
/(

k
t(

9
1

) 
* 
te

 n
p
h
 *

 q
am

m
a 

( 
1 

3 
))

 ;
m

i 
(6

7
)*

k
tO

2
)*

te
n

p
h

/q
a

m
m

a
(6

7
);

n
i(
2
4
7
)=

k
t(

4
7
6
)*

a
lf
a
(7

)*
a
lf
a
(6

6
)/

ia
m

m
a
(2

A
7
);

m
i(
2

4
3

)=
k
t(

4
7

7
)*

5
lf
a

(7
)*

a
lf
a

(6
6

)*
*
?

/q
a

m
n

a
(2

A
8

);
n

i(
U

4
) 

= 
k
t(

2
2

2
)*

a
lf
a

(1
3

0
)*

a
lf
a

(6
6

)*
*
2

/j
a

m
n

a
(U

4
);

w
i(
1

5
6

)=
k
t(

2
6

1
)*

a
lf
a

(U
5

)*
a

lf
a

(6
6

)/
q

a
m

m
a

(1
5

6
);

n
i(
1

5
7

)*
k
t(

2
6

2
)*

a
lf
a

(U
5

)*
a

lf
a

(6
6

)*
*
2

/9
d

ff
ln

j(
l5

7
);

m
i(
1

7
5

)=
k
t(

3
0

8
)*

a
lf
a

(1
6

0
)/

g
d

m
T

ia
(1

7
5

);
m

i(
l7

6
)=

k
t(

3
0

9
)*

a
lf
a

(l
6

0
)*

a
lf
a

(^
6

)/
^
a

m
m

a
(1

7
6

);
m

i(
1
7
7
)=

k
t(

3
in

)*
a
lf
a
(1

6
0
)*

a
lf
a
(d

6
)*

*
2
/q

a
m

m
d
(1

7
7
);

m
i(
1

7
S

)=
k
t(

3
1

1
)*

a
lf
a

(1
6

0
)*

a
lf
a

(6
6

)*
»

3
/j
a

m
fl
a

(1
7

8
);

m
i(
l9

5
)=

k
t<

3
5
6
)*

a
lf
a
(1

8
2
)*

a
lf
a
(d

6
)/

q
a
it
m

a
(1

9
a
);

m
i(
1

9
9

)=
k
t(

3
5

7
)*

a
lf
a

(1
8

2
)*

a
lf
a

(d
6

)*
*
2

/4
a

m
m

i(
1

9
9

);
m

i(
?

2
0

)=
k
t(

A
2

8
)*

a
lf
a

(2
1

2
)/

a
a

m
m

a
(Z

?
0

);
= 
k
t(

A
2
9
)*

a
lf
a
(2

1
2
)*

a
lf
d
(6

6
)/

9
a
T

im
a
(2

2
1
);

i
w
i
(
2
6
0
)
«
k
t
(
4
8
6
>
*
3
l
f
a
(
1
2
7
)
*
a
l
f
a
(
t
A
)
»
t
e
n
p
h
*
»
2
/
i
a
n
i
T
i
a
(
2
6
'
J
)
/
k
r
(
?
f
H
)

m
i
(
2
6
5
)
s
k
t
(
5
0
4
)
*
t
e
n
p
h
/
q
a

in
m
a
(
2
6
5
>
;

mi
 (
26
6)
 =
 k
t 
(
5
0
5
)
*
t
e
n
p
h
/
q
a
m
m
a
(
2
6
6
)
;

m
i
(
?
6
7
)
=
k
t
(
5
n
6
)
*
t
e
n
p
h
/
q
a
m
m
a
(
2
'
S
7
)
;

m
i
(
2
6
8
)
 =
 k
t
(
5
0
7
)
*
a
l
f
a
(
?
1
2
)
*
a
l
f
a
(
6
6
)
*
t
e
n
p
h
*
 *
2/
.)
a"
"n
«»
 (

 ?
6 

5)
n
i
(
2
6
9
)
=
k
t
(
5
0
g
)
*

l
l
f
a
(
2
1
2
)
*
a
l
f
i
«
6
)
*
t
e
n
p
h
*
*
2
/
a
a
m
m
d
(
?
6
-
)
>
)

n
i
(
2
7
n
)
=
k
t
(
5
0
9
)
*
a
l
f
a
(
2
1
2
)
»
a
l
f
a
(
6
6
)
*
t
e
n
p
h
/
j
a
(
n
'
n
a
(
2
7
U
)
;

m
i
(
6
6
)
=
h
2
s
t
o
t
/
 (
1
*
q
a
i
r
m
a
(
6
6
)
 *
(n
i 
(
1
i
)
+
m
i
 (
67

) 
+
2
*
m
i
 (
^A

7)
f"

i*
 

3
*
m
i
(
1
A
A
)
+
?
*
r
n
(
1
5
6
)
+
V
T
i
i
(
1
5
7
)
+
T
i
(
1
7
5
)
+
2
*
m
i
(
1
7
o
)
 

A
*
n
i
(
1
 7
8
)
f
2
»
«
r
i
(
l
9
8
)
 +
3»

ni
 (

19
9)

 +
 n
i
(
?
2
0
)
 +
 2
*'
n



en

2
*
m
i
(
2
6
8
)
+
2
*
m
i
 (
2
6
9
)
 +
 2
*
m
i
 (
?7

0)
) 

) 
; 

a
l
f
a
(
6
(
S
)
,
c
1
=
i
n
i
(
6
6
)
*
q
a
m
m
a
(
6
6
)
;
 

Jo
 

i =
 1
3
,
6
7
,
2
4
7
,
2
4
8
,
1
4
4
,
1
5
6
,
1
5
7
,
1
7
5
 
to
 
1
7
K
,
1
9
S
,
 1
99
 ,

 >
2J
 ,

 ?
2
1
,
2
5
9
,
2
6
 1
,

26
3 

to
 
2
7
0
;

i
r
i
(
i
)
=
c
1
*
m
i
(
i
)
;
 

al
fa
(i
)=
mi
(i
)*
)a
ff
lf
fl
i(
i)
; 

en
.i
; 

e
n
d
;

/*
 
m
a
s
s
 
b
a
l
a
n
c
e
 
on
 
f
u
l
v
a
t
e
 
*/

 
if
 
f
u
l
v
t
o
t
 

> 
D
e
O
 
t
h
e
n
 
do

;
1n

i(
2

P
6

)s
k
t(

5
2

3
)/

(t
e

n
p

h
*
q

a
n

'n
a

(2
«

M
);

ii
i(
2
P

8
) 

= 
k
t(

5
2

5
)*

a
lf
a

(8
)/

q
a

m
n

n
(2

P
8

);
m

i(
2
9
n
)*

k
t(

5
2
7
)*

a
lf
a
(1

3
0
)/

c
)a

n
m

a
<

:>
9
0
)

m
i(
2

9
2

)s
k
t(

5
2

9
)*

a
lf
a

(1
6

0
)/

q
a

n
m

a
<

2
9

2
)

m
i(
2
9
4
)=

k
t(

5
3
1
)*

a
lf
a
(2

1
2
>

/q
a
n
ro

a
(?

9
4
)

m
i(
2

R
4

) 
= 
fu

lv
to

t/
(
1

 
+ 

q
a

m
m

a
(2

3
4

)*
(m

i 
(2

8
6
)*

m
i(
2
8
8
) 

+ 
n
i(
2
V

1
)f

(r
i(

:>
v
2

)t
m 

i 
( 

2 
9 

4 
»

 )
 ;

a
lf
a
(2

8
4
),

c
1
=

m
i(
2
8
4
)*

g
a
m

m
j(
2
3
4
);

do
 

i=
2

8
6

 
to

 
2
9
4
 

b
y
 

2
; 

m
i 

( 
i)
 =

 c
1

*
m

i(
i 
);

 
a 

I 
f 

a 
( 
i 

) 
=m

 i
 (

 i
 )

 »
qa

-n
m

a 
( 

i 
) 

; 
e

n
d

; 
e

n
d

;

/*
 
m
a
s
s
 
b
a
l
a
n
c
e
 
on
 
h
u
m
a
t
e
 
*/

 
if
 
h
u
m
t
o
t
 

> 
O
e
O
 
t
h
e
n
 
do
;

m
i
(
2
8
7
)
s
k
t
(
5
2
4
)
/
(
t
e
n
p
h
*
q
a
m
i
r
a
(
2
8
?
)
)
;

n
i
(
2
E
9
)
 =
 k
t
(
5
2
6
)
*
a
l
f
a
(
8
)
/
q
a
m
.
T
»
j
(
2
P
9
)
;

«
i
(
2
9
1
)
*
k
t
(
5
2
8
)
*
a
l
f
a
(
1
3
0
)
/
q
a
-
n
m
a
(
2
9
1
)
;

m
i
(
2
9
3
)
*
k
t
(
5
3
0
)
*
a
l
f
a
(
l
6
0
)
/
q
a
n
m
a
(
2
9
3
)
;

«
i
(
2
9
5
)
=
k
t
(
5
3
2
)
*
a
l
f
a
(
2
1
2
)
/
q
a
m
m
a
(
2
9
5
)
;

m
i
(
2
8
5
)
s
h
u
m
t
o
t
/
(
1
 

+ 
g
a
m
m
a
(
2
8
5
)
*
(
n
i
i
(
2
8
7
)
*
m
i
(
2
H
9
)
*
.
T
i
i
(
2
9
1
)
f
"
n
i
 (
2
9
^
)
 +

m 
i 

( 2
 9
 5
 ) 

))
 ;

a
l
f
a
(
2
8
5
)
,
c
1
=
m
i
(
2
8
5
)
*
q
a
m
m
a
(
2
3
5
)
;

do
 
i
=
2
3
7
 
to

 
2
9
5
 
by
 
2;

 
m
i
(
i
)
 =
 c
1
*
m
i
(
i
)
;
 

a
l
f
a
(
i
)
=
i
r
i
(
i
)
*
4
a
n
n
<
i
(
i
)
;
 

e
n
d
;
 

e
n
d
;

/*
i
t
e
r
a
t
i
v
e
 
t
e
s
t
s
 

rb
it
 

* 
" 
0"

 D
 ; 

f 
a
b
s
(
s
1
 

- 
f 

a
b
s
(
s
2
 

- 
f 

a
b
s
(
s
3
 
- 

f 
a
b
s
(
s
4
 

- 
f 
a
b
s
(
s
5
 
- 

f 
a
b
s
(
s
6
 

- 
f 
a
b
s
(
s
7
 
- 

f 
a
b
s
(
s
8
 
- 

pu
t

*/

r
o

it
* 
a
n
a
l
c
o
3
 
t
h
e
n

* 
s
o
4
t
o
t
 
t
h
e
n
 
r
u
i
t
 

= 
ft

ot
 
t
h
e
n
 
r
n
i
t
 

= 
"1
 "
a 

p
t
o
t
 
t
h
e
n
 
r
o
i
t
 

= 
"1
"t
j 

c
l
t
o
t
 
t
h
e
n
 
rb

it
 

= 
"1

* 
h
?
s
t
o
t
 
t
h
e
n
 
rb
it
 

=
* 

f
u
l
v
t
o
t
 
t
h
e
n
 
rb
it
 

=

1
a
n
a
 I
c 
o3

) 
> 

1
e
-
3

s
o
4
t
o
t
)
 

> 
1
e
-
3

f
t
o
t
)
 

> 
1
e
-
3
 

*
p
t
o
t
)
 

> 
1
e
-
3
 

*
c
l
t
o
t
 )

 
> 

1
e
-
3

h
2
s
t
o
t
)
 

> 
1
e
-
3

f
u
l
v
t
o
t
)
 

> 
1
e
-
3

h
u
m
t
o
t
)
 

> 
1
e
-
3
 

* 
h
u
m
t
o
t
 
t
h
e
n
 
r
b
i
t
 

= 
"1

 
f
i
l
e
(
o
u
t
p
r
i
n
t
)
e
d
i
t
(
i
t
e
r
,
s
1
-
a
n
a
l
c
o
3
,
s
2
-
s
o
4
t
o
t
,
s
3
-
f
t
o
t
,
s
4
-
p
t
o
t
,
s
5
-
c
l
t
o
t
,

s
6
-
h
2
s
t
o
t
,
s
7
-
f
u
l
v
t
3
t
,
s
f
t
-
h
u
-
n
t
o
t
)
 

(
S
k
i
o
,
f
(
4
)
,
8
 
e
(
1
6
,
6
)
)
 ;

/*
i
t
e
r
a
t
i
o
n
 
m
o
n
i
t
o
r
 

*/
 

if
 
it

er
 

* 
4
0
 
t
h
e
n

do
; 

rb
it
 

= 
"
0
"
b
;

o
r

p
u
t
 

c
h
e
c
k
i
n
q

e
n
 1

 
s
u
m
 s

r 
e

n
 

o 
r

o
u

t 
fi
le

(o
u

tp
ri
n

t)
p

a
q

e
 

I 
i 

s 
t 

( 
( 1

 3
 1 

) 
" 

* 
" 

) 
; 

t 
f 
i 

I e
 (

 o
u

 t
 p

r 
i 

n 
t 

) 
sk

 i
 p

 (
 ^

 )
 I

 i
 s

 t
 (

 "
C

 o
n

 v
e

 r
 j
e

n
 c

e
 

n
o
t 

in
q

 
o

n
ly

."
)
;

p
u
t 

fi
le

(
o
u
tp

r
in

t)
s
k
ip

(
3
)
U

s
t(

(
1
3
1
)
"
*
"
)
; 

e
n
 

if
 

it
e
r
 

< 
2 

th
e
n
 

r
b

it
 

= 
" 

1
" 

t> 
;

in
 

4 
il 

i
t
e
r
a
t
i
o
n
s
.
 

c
a
l
c
u
l
a
t
i
o
n
 

t 
 » 

r 
m 

i n
 i
 t
 e
 d
 ,

P
r
i
n
t
 

of
 
c
a
l
c
u
l
a
t
i
o
n
s
 
f
o
l
l
o
w
s



s
o
lu

te
s
: 

p
ro

c
(.

in
a
l»

*
»
p
a
q
e
1
*
a
lf
»
»
a
n
.j
lm

i*
c
u
n
it
s
»
>

]a
m

.i
>

d
*
jf
w

*
«
t*

n
i*

lo
.j
k
t»

d
e

l 
e 

h 
e 

r 
r 

e
n
tr

y
 

o
p

ti
o

n
s
(
v
a

r
ii
b

le
)
; 

a
c
l 

(e
n
d
o
a
q
e
^
c
o
n
v
) 

c
o

n
d

it
io

n
*

j 
fi
x
e
d
 

b
in

;
d

e
l 

o
u

tp
ri
n

t 
e
x
te

rn
a
l 

fi
le

 
c
o
n
s
t.
 in

t.
" 

d
e

l 
Ic

n
q
 

c
h
a
r(

6
)*

c
a
rd

(C
:?

0
)c

h
a
r(

B
O

)e
x
t*

fl
ji
i 

c
n

a
r(

8
)v

jr
 

e
x
t*

h
e

a
d

 
c 

ha
 r

 (
 1

 3
0 

) 
i 

n 
i 
t 

( "
 

I 
S

p
e
c
ie

s
 

A
n

a
l 

u
^n

 
C 

<J 
I 

c 
ym

> 
A

n
a

l 
DO

 I
 a

 I
 

C
d

lc
 

n
o

la
l 

A
c
ti
v
it
y
 

A
c

t 
c

o
e

ff
 

-l
o

g
 

A
c

t'

fi
x
e
d
 

b
in

(3
1
)/

p
a
g
e
1
(*

)c
h
3
r(

8
)/

d
a
te

 
o

u
il
ti
n

*
 

(a
n

?
o

»
c
/c

o
n

d
*d

i 
f 

f 
* 

d 
i 

s 
c 

h 
q 
/ 

J
o
e
* 

J
o
x
»
e
fi
a
s
*e

h
d
o
*e

h
 I

j.
^
e

h
f 

e
h
p
t/
e
h
s
»
e
h
u
*e

p
m

a
n
*e

p
m

c
a
t»

f 
»
fe

to
ta

l»
h
c
o
3
to

t 
» 

i 
n 

Ja
 t

  ?
 *

 i
 t

d
s
*

fl
o
a
t 

d
e
c 

(2
0
) 

e
x
 1

 1
(c

a
rb

o
n
ic

»
c
o
n
c
a
lc

»
c
1
»
c
2
»
s
i 

q
ir
a
p
e
/a

l 
f 

a
( 

* 
) 

> 
a
n
a
 I

 m
 i

 (
*
)*

c
u
n
it
s
 (

 *
) 

f 
e

rr
(*

)*
g

a
m

m
a

(*
)»

g
fu

(*
),

k
t(

*
)*

m
i(
*
)»

lo
g

k
t(

*
)*

s
i.
)<

»
>

a
(*

))
fl
o

:it
 

d 
e 

c 
( 

2 
0 

) 
  

o
n

 
c
o
n
 v

 
b

e
q

in
»

p
u

t 
fi
le

(
o
u
tp

r
in

t)
 

s
k
ip

(
5

)
e

d
it
(
"
 c

o
n
v
e
rs

io
n
 

e
rr

o
r 

o
c
c
u

rr
e

d
 

w
h

il
e

 
it
te

m
p
ti
n
g
 

to
 

re
a

d
"/

 
" 

c
a
rd

 
2

. 
c
h

e
c
k
 

fo
rn

a
tt
in

q
 

o
f 

th
e
 

c
a

rd
. 

re
a
J
 

co
m

m
a
m

l 
a

o
o

rt
e

J
."

)(
?

 
.\

) 
>

g
o
 

to
 

s
k
ip

_
re

a
d

/"
 

e
n

d
; 

c
o

n
d

/i
td

s
*
 i
n

d
a

t*
*
d

i 
s
c
h

q
/d

o
c
/s

a
l 
in

 
^
e
t 

s
tr

in
g
(c

a
rd

(2
))

e
d
i 

t(
c
o
n
d
»
i 

td
s

(
f(

5
/0

)
,f

(
6

/0
)
/f

(
7

/0
)
,4

 
f(

8
/0

)
)
; 

s
k
ip

.r
e
a
d
: 

c
2

«
0

»
 

d
o
 

n
*0

 
to

 
d

; 
c 

2 
= 

c 
2

*a
n

 a
 I

m
i 

(n
 )

 *
 g

f 
u 

(n
 )

 *
1 

e 
3
; 

e
n
j;
 

C
2
*c

2
*1

e
6
/(

c
2
*1

e
6
);

 
c
a

ll
 

c
o

n
d

u
c
 t
 a

n
c
 e

_
 t
 e

 s
 t

 ;
 

/*
 

a
u
x
il
ia

ry
 

p
e

 
c
a
lc

u
la

ti
o
n
s
 

*
/ 

s
i 

g
m

a
p

e
*s

i 
q

m
a

e
h

*f
 /
 (

 c
* 

r*
 t

 )
 »

' 
if
 

a
l 

f 
a
(5

)*
a
l 

f 
a

d
 3

) 
> 

O
eO

 
th

-n
 

c
o

; 
p
e
s
«
0
.1

2
5
*
lo

i1
0
(k

t 
(9

0
) 
)*

0
.1

2
5
*
lo

i1
0
(3

lf
a
(5

))
-1

.2
5
*
p
h

-0
.1

2
5

*
lo

g
1

0
(a

lf
a

(1
3

))
-0

.5
*
lh

2
0

; 
e
h
 s

3
o
e
s
 *

c
 *

r 
*
t 

/ 
f 
! 

e
n

d
; 

if
 

a
l 

f 
a
(3

8
)*

a
lf
 a

(«
4
) 

>O
eO

 
th

e
n

 
d
c
/' 

p
e
n
=

(-
lo

g
k
t(

1
2
7
)*

lo
g
1
Q

(a
lf
a
(3

4
))

-l
O

e
U

*
p
h
-l
o
q
1
0
(a

lf
3
(3

';(
))

-^
e
n
*
lh

?
3
)

/8
e

O
;

e
h
 n

=
p

e
n

* 
c 

* 
r*

 t
 /
 f

 ;
 

e
n

d
; 

if
 

a
l 
f 
a

(2
0

2
) 
*
a
l 

f 
a

(8
4

)>
O

e
O

 
th

e
n

 
d

o
;

e
h
n
o
2
 S
p
e
n
o
2
 *
c 

* 
r 
* 

t 
/ 

f 
/ 

en
d;

if
 
al

 f
 a
(
2
5
0
)
*
a
l
 f

 a
(2
55
) 

> 
Oe
O 

th
en

 
do

/'
p
e
a
s
=
(
l
o
g
1
0
(
a
l
f
a
(
2
5
5
)
/
a
l
f
a
(
2
5
0
)
)
-
l
o
g
k
t
U
8
7
)
-
l
h
2
o
)
/
2
e
O
-
o
h
;

e
h
a
s
=
p
e
a
s
*
c
*
r
 *
t 
/f
 ; 

en
d;

ca
ll
 
e
h
e
r
r
 (
cu
n 

it
 s
#s

 i
g
m
a
»
e
r
 r
) 

;

/*
 

p
ri
n
t 

o
f 

i 
n

p
u

t 
*
/

lo
n

g
=

 l
a
te

; 
p
u
t 

fi
le

(
o

u
tp

r
in

t)
 

p
a
q
e
 

e
d

it
(c

a
rc

(1
)*

"
D

a
te

 
= 

")
 

(<
i(
3
0
)»

x
(-

»
)»

d
)

(
(
s
u

b
s
tr

(
lo

n
i,
n

*
?

)
,"

/"
 

d
o

 
n

=
3

»
5

)/
s
u

h
s
tr

(l
o

n
^
,1

,?
))

(i
);

 
p
u
t 

fi
le

(
o

u
tp

r
in

t)
 

s
k
ip

 
e
d
it
(c

a
r-

J
(?

))
(a

(8
0
))

; 
p
u
t 

f 
i 

le
 (

o
 u

t 
p 

r 
in

 t
 )
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